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In this taik, an overview of present and future
satellite missions is presented with the per-
spective of improving the estimation of solar
irradiance at the earth’s surface. To properly
introduce the discussion, the uncertainties in
the estimation of solar irradiance at the surface
are discussed briefly. These uncertainties range
from the calibration of the instrumentation, to
spatial /temporal problems, uncertainties in
the radiative properties of clouds, acrosols,
and surface. Then several planned and pro-
posed satellite missions are discussed showing
how some of these uncertainties should be
addressed with the advances in satellite tech-
nology. Although, some geosynchronous plat-
forms will be mentioned, emphasis will be
given to polar orbiting missions since geosyn-
chronous missions are discussed in the presen-
tations following this one.

In the near future, the satellite missions of
importance to the solar energy community are
the called Tropical Rainfall Measurement
Mission (TRMM) and the Earth Observing
System (EOS) satellites those sponsored by
NASA’s Earth System Enterprise EOS-AM1
and EQS-PM1. These satellites contain multi-
spectral imagers, multi-angle cameras, broad-
band multi-angle radiometers, and spectrome-
ters to infer atmosphere, cloud, aerosol, and
surface properties. The CERES (Clouds and
Farth’s Radianl System) instrument package,

which is present on all three platforms, pro-
vides multi-angular views of broadband solar
and thermal infrared radiance that are inverted
to estimate top-of-atmosphere (TOA) radiative
fluxes constraining the radiant flux of the
atmospheric column. Temporal overlap
between at least two and possibly all satellites
will provide the best temporal and spatial
sampling of these fluxes to date. Several solar
irradiance products are planned from the
CERES Surface and Atmospheric Radiation
Budget (SARB) group at 1 Degree resolution
for scientitic research. Potentially, these data
will represent a very accurate source of solar
irradiance estimates for solar energy assess-
ment projects.

Besides the EOS missions several other mis-
sions are outlined that will lead to advances of
our understanding of clouds and aerosols.
Some of these missions are to be flown in con-
junction with the EOS-PM platform and others
are on completely separate platforms many to
be flown by various space agencics around the
world. Most of these missions do not plan
solar insolation products, but the scientific
knowledge gained may have a profound effect
on the improvement of current techniques.
Finally, I summarize the planned launches and
mission lifetimes and surmise when these data
might be available to the solar energy commu-
nity at large.
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Presentation Outline

* Uncertainties in the estimation of solar
insolation from space

« Current satellite platforms used for solar
insolation estimation

» Near term/future satellite platforms to improve
past/future solar insolation estimates
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Solar Energy Sources to Spacecraft
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Cloud Radiative Property Issues

* Cloud Composition
—~ phase (ice or water, refractive indices)

— particle distribution, shape, and density (single-scattering
properties: extinction, absorption, phase function)

+ Cloud Appearance

cloud fraction (view angle dependence)

height (effects phase and emittance properties)
thickness/shape (vertical development, total mass)
multi-layering (scattering between cloud layers)
heterogeneity (horizontal propagation of energy)
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Cloud Inhomogeneity

Effects both surface and satellite observations
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Aerosol Radiative Property Issues

* Aerosol Composition

— chemical composition (sulfur, carbon, quartz:
refractive indices)

— particle distribution, shape, and density (normal or
bimodal: single-scattering properties)

« Aerosol Structure
— height (volcanic, industrial, biomass burning, dust)
— thickness (total mass, profile)
— spatial/temporal distribution
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Surface Radiative Properties Issues

oreal Forst Canogy Reflected radiance depends' on both the

| angular distribution of the incident solar i
| energy and a surface’s reflectance proper- |
| ties in the direction of the measurement.

Back Plane NEW KENT COUNTY (VIRGINIA) FOREST
(sun to back) sar 198

Forward Plane
(sun in front)

ANSOTROPC FACTOR

L f
§| ”"”llﬂl.!w,

mih "'

Surface Radiative Property Issues

Surface Reflectance Depends upon:
» Angle of Sun (shadowing and canopy texture)
~+ Viewing angle (relative to solar plane)
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‘L Past/Current Satellite Missions

Liwnch Specteal Channels
SensorfAgency Date L. mm Comments
AVHRR/NOAA sice 1979 4 baads Nirdir viewing scanner.
[0.64] operationil
{0.83]
13.751
JTLS)

TM-LandsaV/NASA
MS5S-Landsut/NASA

VISSR-
GOES/NGAA

SAGE I, I/NASA
TOMS-Nimbus 7

6 bands [0.47-2.204
4 hamds [0.55-0090]
| band [0.66}

sinee 1982
sinee 1971

sinee 1975

simwee |Y79

st 1978

7 bands [(1L.38-1.08)
2 bands [0.34-0.34]

INASA
OCTS-ADEOS/ FII6-07 9 Bands [1.41-0.86]
NASDA and 3.4

Nadir viewing scannier
Nadir viewing scanner

Guostationary, operational

Solar acculiation

Nadir viewing scanner

Nadir viewing scanner

Source: NASA RA NRA-37-MTPE-16
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Past/Current Satellite Missions

Liwnch Spectrud Clumnels
Sensor/Agency Date [. mm Commems
POLDER-ANEOS/ 1996497 % bands 10.44-0:61] Nadir viewing scanner

CNES-NASDA A polunized hands

multiview anghes

EKBE- TO84/1998 3 broad channels Low resolution nadir
ERBS & NOAAS [0.3 - 50} SCINNCT
NASA [03-5)
18- 121
SeaWiFS-SeaSuard 1997 8 lmds {0.41-0.86) Nadir viewing scamwer
NASA
LITEINASA 1993 3 daser wavelengihs  Nudie viewing Tidar on the
[1.061 Space Shuttle
[0.53]
10.35]

Source; NASA RA NRA-97-MTPE-16
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Time Line of Satellite Missions Useful
For Solar Insolation Estimates
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Sample Future Missions:
Clouds, Aerosols, Surface

Sensor/Agency

Launch
Date

Spectral Channels
# [micrometers]

Comments

CERES-TRMM, EOS
AMT, & PM1/NASA

MODIS-EOS AM1 &
PM1/NASA

MISR-EOS AM1 &
PM1/NASA

MERIS-ENVISAT/ESA
AATSR-ENVISAT/ESA
GLI-ADEQS II/NASDA

POLDER-ADEOS I/
NASDA

SAGE lll-Meteor/NASA

Nov 97/
Jul 99/
Dec 00

Jul 99/
Dec 00

Jul 99/
Dec 00

May 00
May 00
1999
1999

Jul 99

3 broad channels
[0.3-50;03-5;
8-12]

12 bands [.41 -
2.10, 3.96]

4 bands [0.47 — 2.10]

15 bands [0.4 —1.02]
7 bands [0.55 - 12.0]
12 band [0.41- 2.10)

8 bands [.44 -.91],
3 polarized

9 bands [0.29 - 1.55]

20 km resolution,
azimuthal & cross-
track scanning

Nadir viewing scanner

9 view angles

Multiple angle viewing
1 km, Two angle view
Nadir viewing scanner

Nadir viewing scanner
and multiview

Solar occultation
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TRMM and EOS Satellite
Instrumentation

« Tropical Rainfall Measurement Mission
— Clouds and the Earth Radiant Energy System (CERES)
— Visible InfraRed Scanner (VIRS)
— Precipitation/Lightening instrumentation
« EOS-AM
— Moderate Resolution Imaging Spectroradiometer (MODIS)
— Advanced Spaceborne Thermal Emission Radiometer (ASTER)
— Multi-angle Imaging Spectroradiometer (MISR)
— Measurement of Pollution in the Troposphere (MOPITT)
— Clouds and the Earth Radiant Energy System (CERES)
« EOS-PM
— Clouds and the Earth Radiant Energy System (CERES)
— Moderate Resolution Imaging Spectroradiometer (MODIS)
— Advanced Microwave Scanning Radiometer-EOS (AMSR-E)
— Advanced Microwave Sounding Unit (ASMU)
— Atmospheric Infrared Sounder (AIRS)

Satellite Data Analysis Center / NASA Langley Research Center

Clouds and the Earth Radiant
Energy System (CERES)

+ Provided by NASA Langley
Research Center and built by
TRW.

+  Long-term measurements of
Earth’s radiation budget
through observations of short
and longwave radiation.

*  Broadband scanning
thermistor bolometer package
with 20 km resolution. Two
identical scanners carried to
operate in x-track and biaxial
scan modes. Each scanner has s .~
three channels: shortwave =
infrared for reflected sunlight, 2=
longwave for Earth-emitted
thermal IR, and total channel.

(Source: Bordi et al., 48th Congress of the International Astronautical Federation, Torina, Italy, 6-10 October 1997)
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CERES Temporal and Spatial Sampling

LATITUDE - LOCAL TIME COVERAGE
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The tri-satellite configuration with TRMM, EOS-
AM and EOS-PM result in the sampling of all 4 cloud [ 3w 4~
local times in a month between 35° N and S. “*** | |
LA
The CERES based surface fluxes at the foot- ey
print level are computed using convolved retrie-
vals of cloud, aerosol, and surface properties. 1 Surface
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= Moderate Resolution Imaging
\ Spectroradiometer (MODIS)

+  Provided by NASA Goddard
Space Flight Center and built
by Hughes SBRS.

+  Measurement of
comprehensive global
biological and geophysical
processes including: surface
temperature (land and sea),
ocean color, global vegetation
and deforestation, clouds and
aerosols, and snow cover.
Cross-track scanning imaging
radiometer with 36 bands
from visible to thermal IR and
spatial resolutions of 250m,
500m, and 1km at nadir. 2330
km swath for global coverage
in 2 days.

»  Provides imager data requir-
ed for CERES surface fluxes

(Source: Bordi et al., 48th Congress of the Intemational Astronautical Federation, Torina, Italy, 6-10 October 1997)
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Sample MODIS Data Products

Crwwing Srmon Average NOVT of Asis Derived Bom the Advenied Vory High Ressbation (AVIIG
Pathfinder Diuta Sot Monthly NOV] wan caleslaind as the average of three |0-dey omponten. The monshly values
e Further averapnd v the % year persed of e bufors Mt Pasctobes snaptien (19E3. 19907) s cbtasn |ong-term
verngs montly MIV] vabems

(Source: Bordi et al., 48th Congress of the International
Astronautical Federation, Torina, ltaly, 6-10 October 1997)

MODIS Atmospheric Profiles.
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NASA Special Missions:
PICASSO-CENA

el \Verfical Lidar backscatter pro-

el files from the space shuttle

optical/physkoal o .
PICASSO-CENA propertias. LITE experiment. Yellow lines

°F N trace trajectories of air into
clouds and aemo! layers. :

*“*{Tﬁft.fby.'}u"
\l
| a3 \- Ground Track
- radlative flores - o
* Cloud-climate feedbacks |
Lidar measurements in conjunction with the
MODIS imager improves cloud and aerosol

radiative properties for solar flux estimates.
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NASA Special Missions: CloudSat

MEASUREMENT OBJECTIVES:

PROFILE THE VERTICAL STRUCTURE OF CLOUDS

- MEET MAJOR SHORTFALLS IN CLOUD AND
AEROSOL OBSERVATIONS, USING ACTIVE AND
PASSIVE INSTRUMENTS

= ASSESS THE PERFORMANCE OF PASSIVE
INSTRUMENT SUITES ON OTHER SATELLITE
PLATFORMS; VALIDATE AND IMPROVE THEIR At
MULTILAYER CLOUD AND AEROSOL RETRIEVALS |

MISSION PERFORMANCE CAPABILITIES:

+ Cloud height /base
« Radar: 250m - 500 m resclution
« Lidar: < 100 m resolution
+ Cloud properties Spacecraft #2
-mmmnumdwm.u Spacecraft#1 w = |conat or PICASSO
content, bquid content, particle sze
+ Visibility Formation fiy
+ Along-track slant range visibility
K Sensor Specifications:
Pracipitation occurrence and amount
e 1. RADAR: 94 GHz, sensitivity -30 to -36 dBZ
ptiial depth e albhsd 2. LIDAR: 532/1084 nm, sensitivity ~1E-8/m/s
VA 3. THERMAL IR CAMERA: 2 channel radiometer
Opth { 4, VIS IMAGER/SPECTROMETER: with high spectral
. S0t Bexd Jayar lution (A-band) spec for ion of
thinnest cirrus/aerosols
384 to both s

Source: Dr. Graeme Stephens, Colorado State Univ.
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Atmosphere

» Surface/Atmospheric State
— Surface State: Land and Ocean
+ MODIS, MISR, ASTER, POLDER, AM SR, MERIS, GLI, AATSR
« TOPEX, NSCAT, Precip and Surface Radars
— Atmospheric State: Temperature/Humidity:
+ AIRS/AMSU/MHB + 4-D Assimilation: 2000-2005/9, MIPAS
+ NPOESS + 4-D Assimilation: 2005/9 and beyond
» Geostationary + 4-D: Future TBD
« DIAL lidar for moisture vertical profiles + 4-D: Future TBD
— Atmospheric State: Winds:
* T(z) +4-D
+ Geostationary moisture field winds + 4-D: Future TBD
« Lidar winds+ 4-D: Future TBD

@ Satellite Data Analysis Center / NASA Langley Research Center e

Presentation: Satellites and Sensors by Paul Stackhouse, NASA

10



Cloud and Aerosol Properties

« Aerosol Properties:
- MODIS, MISR, PCLDER, MERIS, GLI, AATSR
— PICASSO lidar/A-band

« Cloud Properties:
- MODIS, MERIS, GLI, AMSR
— PICASSO lidar/A-band. (most cloud layers)

— CloudSat cloud radar (all but thinnest cloud
layers): Future TBD

— Submm/Far-Infrared for lce Water Path/Ice
Particle Size: Future TBD
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Global Radiative Energy Fluxes

« TOA Radiative Fluxes:
— CERES + MODIS
— CERES beyond 2005: Future TBD

» Surface/Atmosphere Radiative Fluxes:
— CERES + MODIS TOA Fluxes (constraint)
— PICASSO + CLOUDSAT cloud/aerosol vertical
properties
— MODIS, MERIS, GLI cloud/aerosol area properties
— MODIS/MISR/AMSR Surface Properties
— AIRS/AMSU/MHB + 4-D Assimilation => T(z),q(z)
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